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Abstract 

According to the Next Generation Science Standards, science instructional materials can be 
efficient as long as they integrate three dimensions: science and engineering practices, 
crosscutting concepts and disciplinary core ideas. However, research investigating the integration 
of these three dimensions in the content of school science textbooks is particularly limited. The 
present study aims to propose a framework of analysis and investigate the integration of these 
three dimensions, in the content of Greek middle-school science textbooks about forces and 
motion. A total of 61 reports and activities included in these textbooks were analyzed. A 
framework of analysis called Three-Dimensional Learning Analysis Inventory (3DLAI), which 
assesses the integration of the three dimensions in the content of school textbooks, was 
developed. Data analysis showed that only some science and engineering practices, crosscutting 
concepts and disciplinary core ideas are integrated to a limited extent in the reports and activities 
of Greek middle-school science textbooks, while their coexistence in them is limited as well. 


Keywords: crosscutting concepts, disciplinary core ideas, forces, middle school, school textbooks, 
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INTRODUCTION 


Significant research has been conducted in the last 
twenty years on the way students learn and on the way 
science could be taught more effectively (Krajcik et al., 
2014; NRC, 2012). However, research data demonstrates 
that many students neither understand science ideas and 
concepts (Shwartz et al., 2008) nor do they find science 
lessons interesting (Inkinen et al., 2020). Moreover, 
according to Programme for International Student 
Assessment (PISA) results, Greece is among the group of 
countries presenting lower performance than 
Organization for Economic Cooperation and 
Development (OECD) average in all PISA cycles from 
2000 onwards. Therefore, science education for students 
in Greece is not considered satisfactory. 


In order to improve students’ science learning 
outcomes, the Next Generation Science Standards 
(NGSS) and the US National Research Council proposed 
a new Framework for K-12 Science Education based on 
three dimensions of science learning: science and 
engineering practices (SEPs), crosscutting concepts 


(CCCs) and disciplinary core ideas (DCIs) (NGSS Lead 
States, 2013; NRC, 2012). Students should engage in SEPs 
so as to develop and use core ideas and crosscutting 
concepts in order to explain phenomena and solve 
problems (Krajcik et al., 2014). It has been emphasized 
that the three dimensions are not taught separately but 
should coexist among the teaching goals and the 
activities used for teaching and assessing students (NRC, 
2012). 


School textbooks play an important role in the 
learning process (Abd-El-Khalick et al., 2008; 
Sothayapetch et al., 2013). School textbooks dominate in 
the teaching process, as they are very often used by the 
teachers (OECD, 2007). More specifically, the school 
textbook is frequently the only means of teaching at 
school (Davis, 2009; Fan & Zhu, 2007; Newton & 
Newton, 2006; Weiss et al., 1989). It affects students’ 
learning both directly, while the students interact with it 
(Braswell et al., 2001; Chiappetta & Fillman, 2007), and 
indirectly due to the effect it has on the teachers and their 
instructional decisions during the teaching process 
(Moulton, 1997; Reys et al., 2003; Swanepoel, 2010). 
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Therefore, the learning process is to a large extent 
shaped by school textbooks used by both teachers and 
students. That is the reason why the analysis of school 
textbooks has been the subject of systematic research. 


Students making sense of phenomena or designing 
solutions to problems requires student performances 
that integrate elements of the SEPs, CCCs, and DCIs in 
instructional materials (NRC, 2012). Although students’ 
engagement in SEPs, CCCs and DClIs is considered 
especially important for science education, research 
investigating the level of the integration of these three 
dimensions in the content of science school textbooks is 
particularly limited (Laverty et al. 2016). In this 
direction, developing frameworks through which school 
textbooks can be analyzed with regard to the three 
dimensions of science learning engaged is considered 
necessary. Therefore, it becomes evident that there is 
necessity of conducting research focused on proposing 
analysis frameworks through which the integration of 
SEPs, DCIs and CCCs as well as their coexistence in the 
content of science school textbooks can be investigated. 


The present study proposes a framework that can be 
used to analyze textbooks for alignment to the three 
dimensions of science learning (SEPs, CCCs and DCIs) 
and, through this framework, investigates their 
integration in the content of school science textbooks 
(student’s book and lab workbook) about forces and 
motion taught to 13-year-old middle-school students in 
Greece. It examines whether opportunities are provided 
to the students through the content of these school 
science textbooks to engage them with activities that 
integrate all three dimensions of science learning, in 
order they can deeply understand this content. 


In particular, the present study intends to answer the 
following research questions: 


(a) Which SEPs, CCCs and DCIs, and how often, 
integrate in the content of Greek middle-school science 
textbooks about forces and motion? 

(b) To what extent all three dimensions of science 
learning (SEPs, CCCs, DCIs) coexist in the content of 
Greek middle-school science textbooks about forces and 
motion? 

The unit of forces and motion was chosen from these 
textbooks for many reasons. This unit occupies most of 
their content. It is considered a very important unit of 
Physics. In school science, conceptual understanding of 
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force and its effects on motion are a precondition to 
students’ gaining further understanding on other science 
units (Carson & Rowlands, 2005). Phenomena involving 
force and motion are familiar in everyday life and 
continually affect students. Students’ conceptual 
difficulties have been well established and a substantial 
body of research has been formed, regarding students’ 
alternative conceptions about force and motion (Halim 
et al. 2014; Jimoyiannis & Komis, 2003). These 
alternative conceptions that students develop are highly 
resistant to change (Driver, 1989). 


THREE-DIMENSIONAL LEARNING 


Establishing learning environments where the 
students are initiated into the kinds of thinking, 
discussion and action used by scientists while 
developing and revising knowledge has been pursued in 
recent years (Bybee, 2014). In such learning 
environments, priority is not given to knowledge 
memorization, but to the active engagement of the 
students, who ask questions, investigate, explain the 
natural world (Schwarz et al., 2017), construct, use and 
critique knowledge (Miller et al., 2018). 


According to the NGSS and the new Framework for 
K-12 Science Education introduced by the US National 
Research Council, science learning between preschool 
age and the last grade of upper high school should be 
based on three dimensions of science learning (“three- 
dimensional learning”) (NGSS Lead States, 2013; NRC, 
2012): SEPs, CCCs and DCIs. 


The first dimension of this framework (SEPs) 
describes the most important practices employed by 
scientists while investigating and creating models and 
theories about the world, and the practices engineers use 
in order to design and construct systems (NRC, 2012). 
According to NRC (2012), the eight science and 
engineering practices are as follows: (a) asking questions 
(for science) and defining problems (for engineering), (b) 
developing and using models, (c) planning and carrying 
out investigations, (d) analyzing and interpreting data, 
(e) using mathematics and computational thinking, (f) 
constructing explanations (for science) and designing 
solutions (for engineering), (g) engaging in argument 
from evidence and (h) obtaining, evaluating, and 
communicating information. 


The second dimension is the CCCs applied in all 
domains of science so as to bridge their boundaries 
(NRG, 2012). They form the basis for the explanations of 
the phenomena and are particularly important in science 
education because “these concepts help provide 
students with an organizational framework for 
connecting knowledge from the various disciplines into 
a coherent and scientifically based view of the world” 
(NRC, 2012, p. 83). Students manage to understand 
CCCs following their involvement in activities 
integrating DCIs and SEPs (Duschl, 2012; NRC, 1996, 
2012). According to NRC (2012), the seven CCCs are as 
follows: (a) patterns, (b) cause and effect: mechanism 
and explanation, (c) scale, proportion, and quantity, (d) 
systems and system models, (e) energy and matter: flow, 
cycle, conservation, (f) structure and function and (g) 
stability and change. 


The third dimension of this framework is DCls. 
Science knowledge constantly advances and new facts 
arise. It is impossible to teach the students all science 
knowledge in detail within their school years. The 
mission of education is not to teach all the knowledge to 
the students but make them familiar with basic 
knowledge and practices so that they can later gain 
additional knowledge on their own (NGSS Lead States, 
2013). Therefore, education should be limited to certain 
science core ideas. Specific criteria have been 
established, so that the core ideas can be determined, and 
have been grouped in four domains: physical sciences, 
life sciences, earth and space sciences, and engineering, 
technology and applications of science (NRC, 2012). 


The goal of NGSS is essentially the same as the goal 
of STEM, but on a much larger scale. NGSS incorporates 
STEM though its SEPs and goes a step further to include 
the content known as DCIs as well as CCCs, which both 
help to put a structure to the content and skills being 
delivered (NGSS Lead States, 2013). In addition to 
fostering skills around STEM and overall engineering 
competency, the NGSS also focuses on enhancing 
scientific literacy amongst all students (Osborne, 2014). 


LITERATURE REVIEW 


Research focusing on analyzing school science 
textbooks is particularly extensive (e.g., Devetak & 
Vongrinc, 2013; Liu & Khine, 2016; Vojit & Rusek, 2019). 
More specifically, it has mainly focused on the structural 
elements of textbooks (number of pages and chapters, 
proportion between textual and visual material), the 
textual material (types and conceptual concept) and the 
visual material (kinds of pictures, macroscopic and 
microscopic visual representations) (Devetak & 
Vongrinc, 2013). A recent literature review by Vojit and 
Rusek (2019) studied research papers focusing on 
analyzing school science textbooks between 2000 and 
2018. A total of 183 research papers were found focused 
on analyzing school science textbooks. A percentage of 
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41% of research papers carried out analyses of school 
textbooks generally on science, while only 8% of them 
dealt with Physics textbooks. Many of the papers were 
on analysing textbooks from Europe (41%) and from 
North America (28%). The majority of these analyses 
focused on choosing and organizing the content, the 
instructional methodology, the illustrations as well as 
the language used in the school textbooks that were 
studied. Furthermore, over the years, there has been a 
continuous increase in the number of relevant research 
papers, which proves that the analysis of school 
textbooks is the subject of great research interest. In 
particular, it was found that over time there has been an 
increasing trend in the percentage representing the 
number of studies focused on analyzing school 
textbooks to the total number of published studies 
focused on science education. 


Regarding Greek school science textbooks, they are 
analyzed with respect to their serving four aspects of 
scientific literacy. The analysis of the textbooks reached 
the conclusion that the textbooks mainly focus on the 
knowledge of science content aspect, whereas the other 
aspects of scientific literacy (e.g., the investigative nature 
of science, and the knowledge about science) are 
practically missing in all textbooks investigated (Kollas 
et al., 2007). Hatzinikita et al. (2008) compared the nature 
of the textual construction of the PISA science test items 
and the Greek school science textbooks. The results 
showed that while the linguistic mode of the PISA items 
tends to resemble texts falling within the public domain 
and the corresponding visual mode tends to resemble 
texts of the esoteric domain, school science textbooks 
tend to employ the linguistic and the visual mode in 
exactly the opposite way. 


Among the studies focused on analyzing school 
science textbooks there are studies referring to the 
inquiry processes engaging in the content of textbooks. 
In particular, there have been studies aiming to 
distinguish the openness levels of the inquiries 
incorporating in the content of school science textbooks 
(Bell et al., 2005; Bulunuz et al, 2012; Fay et al., 2007; 
Germann et al., 1996; Herron, 1971; Lederman, 2009; Ma 
et al., 2019; Schwab, 1962; Wenning, 2007), while other 
studies focused on the presence of characteristics of the 
inquiry processes that integrate in the content of school 
science textbooks (Dunne et al., 2013; Kahveci, 2009; 
Aldahmash et al., 2016). These studies showed that 
textbooks are usually dominated by activities guided by 
the teacher (thus leaving hardly any initiatives to the 
students) and do not include sufficient characteristics of 
the inquiry processes. Yang and Liu (2016), and Yang, 
Yang, and Liu (2019) analyzed activities of school science 
textbooks and found that only some of their activities 
provided the students with sufficient opportunities to 
understand scientific concepts and inquiry processes. 
Cellitti et al. (2018), based on a framework they 
developed, analyzed science lessons that can be found 
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on the Internet with regard to the dimensions of SEPs 
engaging in their content and found that only some of 
the practices engage in their activities and, more 
specifically, only some of their dimensions. 


However, the frameworks used in the above studies 
for analyzing textbooks are focused on inquiry processes 
and do not separately investigate the SEPs, the DCIs and 
the CCCs integrating in the content of textbooks. 
Research conducted on analyzing school science 
textbooks with regard to the three learning dimensions 
is particularly limited. In particular, Tekkumru-Kisa et 
al. (2015) developed a framework (Task Analysis Guide 
in Science) for analyzing activities in relation to two axes, 
ie., the integration of knowledge and practices as well as 
the cognitive demand of the activities. Though, even in 
this framework of analysis, the DCIs and the CCCs 
integrating in the content of school textbooks are not 
separately analyzed. Also, the EQuIP rubric examines 
whether the lessons are in line with the core positions of 
NGSS (Achieve, 2016). One axis of the above research 
refers to the three dimensions of science learning. 
However, no specific criteria for analyzing the lessons in 
relation to each dimension are included. Laverty et al. 
(2016) proposed the Three-Dimensional Learning 
Assessment Protocol (3D-LAP), which can be used for 
analyzing assessment activities as to whether they 
engage science practices, DCIs and CCCs and was used 
for analyzing Biology, Chemistry and Physics activities. 
It should be noted that engineering practices are not 
included in this framework. 


Although the integration of the three dimensions of 
science learning in the content of instructional material 
intended for science education has been recognized as 
significant (Krajcik, 2015; NRC, 2012), it has been found 
that research focusing on analyzing instructional 
material used in teaching, in relation to the integration 
of these three dimensions in its content, is limited and is 
focused on only some of these three dimensions. 
Furthermore, there is particularly limited research 
focusing on the integration of these three dimensions in 
the instructional material, and especially in their 
coexistence in the activities of the instructional material, 
as well as research focusing on developing frameworks 
of analysis that assess the presence of the three 
dimensions (SEPs, CCCs and DCIs) in the instructional 
material. Also, the necessity of developing such 
frameworks of analysis has been pointed out (Lee et al., 
2014; NRC, 2014; Pruitt, 2014). Therefore, there is an 
emerging need for conducting research focused on 
developing frameworks of analysis that assess the 
integration of the three dimensions of science learning in 
the content of school science textbooks so that, through 
these frameworks, school textbooks and any other 
additional instructional material used in science 
teaching can be analyzed. 
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METHODOLOGY 


Research Design 


Content analysis was used for investigating the 
research questions posed (Fauskanger & Mosvold, 2014; 
Krippendorf, 2013). It is a widely spread and tested 
method for analyzing school textbooks (Strijbos et al., 
2006), in line with the purpose of the present study, as it 
allows identification of the various SEPs, CCCs and DCIs 
included in the separate sections of the content of the 
school textbooks that were selected to be analyzed. 


The research process was conducted in three stages. 
At first, units of analysis included in middle-school 
science textbooks about forces and motion were 
identified. Then the framework for analyzing the 
instructional material was developed and, through this 
framework, the instructional material was analyzed, 
data processing was conducted, and conclusions were 
drawn. 


Sample and Units of Analysis 


In Greece, at the beginning of each academic year, the 
students of each grade are provided by the Greek 
Ministry of Education and Religious Affairs with the 
school textbooks they are to be taught. There are specific 
textbooks for the students of each grade and all students 
receive the same textbooks. 


The present study is focused on analyzing the 
chapters about forces and motion included in school 
textbooks used for teaching science to 13-year-old 
middle-school students in Greece. For their science 
lessons, students of second grade of middle school (13 
years old) are provided with a student's book and a lab 
workbook. 


Any conceptual thematic unit independent of the rest 
text and making complete sense was described as unit of 
analysis. This means that it has a beginning and an end, 
while its content is relatively independent, i.e., it can be 
identified and separated from the other units of analysis. 
In particular, every report (a type of text that describes 
how things are, presents information, classifies various 
entities and explains processes in natural phenomena), 
problem, question of the student’s book and every 
experimental account (a type of text that contains steps, 
which show how a specific experimental task should be 
carried out) of the lab workbook was considered as a unit 
of analysis. The unit of analysis consists of the text part 
and the accompanying representations. 


The research sample included all the units of analysis 
of the chapter about forces and motion of the second 
grade Greek middle-school Physics textbooks (student’s 
book, lab workbook). There was a total of 61 units of 
analysis. 
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Table 1. The part of 3DLAI referring to science and engineering practices 
Science and Engineering 
Practices 

Asking questions and 
defining problems 
Developing and 


Description Yes No 


The instructional material provides the students with opportunities to ask questions or 
define problems. 
The instructional material provides the students with opportunities to create or use 


using models models. 
Planning and carrying out The instructional material provides the students with opportunities to design or conduct 
investigations investigations 


Analyzing and interpreting The instructional material provides the students with opportunities to work with data, 

data which could include organizing or grouping the data in a table or a graph. These 

opportunities may support the students in drawing conclusions from the data. 

The instructional material provides the students with opportunities to use mathematical 

skills (e.g., measurements) or concepts (e.g., sum) 

The instructional material provides the students with opportunities to construct scientific 

explanations (relating to how or why a phenomenon takes place) or design solutions to 

problems 

Engaging in argument from The instructional material provides the students with opportunities to construct, use or 

evidence present arguments based on evidence and reasonings in order to support of refute an 
explanation a phenomenon or a solution for a problem. 

Obtaining, evaluating and The instructional material provides the students with opportunities to obtain scientific 


communicating information information from texts. 


Using mathematics and 
computational thinking 
Constructing explanations 
and designing solutions 


Table 2. The part of 3DLAI referring to crosscutting concepts 

Crosscutting Concepts Description 

Patterns The instructional material provides the students with opportunities to identify patterns or 
trends emerging from three or more events, observations, or data. 

Cause and Effect: The instructional material provides at most two of the following: a cause, an effect, and the 

Mechanism and Explanation mechanism that links the cause and effect, as well as opportunities to the students to 

provide the other(s) with. 

The instructional material provides the students with opportunities: (a) to compare 

objects, processes, or properties across size, time, or energy scales, or to dimensions of 

familiar objects, timescales, or energies or to identify non-negligible/relevant interactions 

at various scales or (b) to predict the response of one variable to changes in another or 

identify the relationship between two or more variables from data. 

Systems and System Models The instructional material provides the students with opportunities to identify a system 

(by defining its components or boundaries), any assumptions made, and the surroundings 

(if necessary), and how the system and surroundings interact with each other. 

The instructional material provides the students with opportunities to describe the 

transfer or transformation of energy or matter within or across systems, or between a 

system and its surroundings, with explicit recognition that energy and/or matter are 

conserved. 

The instructional material provides the students with opportunities to predict or explain a 

function or property based ona structure, or to describe what structure could lead toa 

given function or property. 

The instructional material provides the students with opportunities to determine if a 

system is stable and provide the evidence for this, or what forces, rates, or processes make 

a system stable (static, dynamic, or steady state), or under what conditions a system 

remains stable, or under what conditions a system is destabilized, and the resulting state. 


Yes No 


Scale, Proportion, and 


Quantity 


Energy and Matter: Flows, 
Cycles, and Conservation 


Structure and Function 


Stability and Change 


Analysis Framework disagreements between the two raters while analyzing 
the content of school textbooks. Tables 1-3 present the 
framework for analyzing the content of school textbooks 


on the basis of SEPs, CCCs and DCIs, respectively. 


The part of the 3DLAI framework that was developed 
for analyzing the content of school textbooks in relation 


The development of the analysis framework was 
based on the relevant research literature on three- 
dimensional learning. Within the analysis framework 
developed, the Three-Dimensional Learning Analysis 
Inventory (3DLAI), the integration of the three 


dimensions of science learning (SEPs, CCCs and DCIs) 
in the content of school textbooks about forces and 
motion can be assessed. The framework was revised and 
modified during the analysis process, in case the 
researchers found vague points and in case of 


to SEPs integrating in it was based on Appendix F of 
NGSS and especially on grades 6-8 (NGSS Lead States, 
2013). Through this, the integration of SEPs in the 
instructional material analyzed can be investigated 
(Table 1). 
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Table 3. The part of 3DLAI referring to disciplinary core ideas about forces and interactions 


Disciplinary Core Ideas 


Description 


MS-PS2-1: Forces and 
Motion 


MS-PS2-2: Forces and 
Motion 


The instructional material provides the students with opportunities to explore that for any 
pair of interacting objects, the force exerted by the first object on the second object is equal 
in magnitude to the force that the second object exerts on the first, but in the opposite 
direction (Newton’s third law). 

The instructional material provides the students with opportunities to know or use elements 
for the following: 

(a) The motion of an object is determined by the sum of the forces acting on it; if the total 
force on the object is not zero, its motion will change. The greater the mass of the object, the 
greater the force needed to achieve the same change in motion. For any given object, a larger 


Yes No 


force causes a larger change in motion. 

(b) All positions of objects and the directions of forces and motions must be described in 
an arbitrarily chosen reference frame and arbitrarily chosen units of size. In order to share 
information with other people, these choices must also be shared. 


MS-PS2-3: Types of 
Interactions 


The instructional material provides the students with opportunities to know or use 
elements for the following: Electric and magnetic (electromagnetic) forces can be attractive 


or repulsive, and their sizes depend on the magnitudes of the charges, currents, or 
magnetic strengths involved and on the distances between the interacting objects. 


MS-PS2-4: Types of 
Interactions 


The instructional material provides the students with opportunities to know or use 
elements for the following: Gravitational forces are always attractive. There is a 


gravitational force between any two masses, but it is very small except when one or both 


of the objects have large mass. 
MS-PS2-5: Types of 
Interactions 


The instructional material provides the students with opportunities to know or use 
elements for the following: Forces that act at a distance (electric, magnetic, and 


gravitational) can be explained by fields that extend through space and can be mapped by 
their effect on a test object (a charged object, or a ball, respectively). 


The part of the 3DLAI framework that was developed 
for analyzing the content of school textbooks with regard 
to the engagement of CCCs in it was based on the 3D- 
LAP framework (Laverty et al., 2016) and Appendix G of 
NGSS, and especially grades 6-8 (NGSS Lead States, 
2013). Through this, the engagement of CCCs in the 
instructional material analyzed can be investigated 
(Table 2). It has been noted that these concepts need to 
be made explicit for students in the instructional 
material or during the teaching process (NRC, 2012). 


The part of the 3DLAI framework that was developed 
for analyzing the content of school textbooks with regard 
to the engagement of core ideas about forces and motion 
was based on the standards proposed by NGSS for the 
discipline of Physics and the conceptual area of forces 
and interactions, and for the specific grade (grades 6-8). 
The engagement of DCIs about forces and interactions in 
the instructional material analyzed is investigated 
through this framework (Table 3). 


Data Analysis 


The units of analysis were analyzed with regard to 
the integration of each of the eight SEPs, each of the 
seven CCCs, and each of the five DCIs on the basis of the 
3DLAI analysis framework developed. 


To surveying the validity, the 3DLAI framework was 
granted to two science education experts and reviewed 
after their comments and the final framework was 
formulated. Before the beginning of the content analysis 
of the 61 units of analysis, a pilot analysis was carried out 
in order for the eight SEPs, the seven CCCs and the five 
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DCIs to be determined on a small sample of units of 
analysis of school textbooks. The pilot research was 
necessary so that the validity of the framework of 
analysis could be ensured and corrections could be made 
to the 3DLAI framework that was created. 


In order to ensure the reliability of content analysis, 
the latter was carried out by two independently working 
science education researchers. They codified every unit 
of analysis by describing it as “yes” or “no” depending 
on whether it integrates in this any SEP, CCC and DCIs, 
and then calculated the degree of agreement of their 
results by using Cohen’s kappa coefficient (Cohen, 1990). 
Kappa (k) coefficient, in all units of analysis, with regard 
to the eight SEPs, the seven CCCs and the five DCIs was 
higher than 0.74. Any disagreements between the 
researchers were resolved through discussion. 


Below are two examples (of units of analysis) 
followed by their analyses. 


Example 1 


Circle the letter or the letters that correspond to the correct 
answers: (a) action and reaction are equal and act in opposite 
directions, (b) action and reaction are exerted on the same 
body, (c) every action is always related to a reaction, (d) the 
speeds of two bodies on which action and reaction are 
respectively exerted are varied in the same way. 


Analysis of Example 1 

The above activity does not provide the students with 
the opportunities to ask questions, develop and use 
models, design investigations, analyze data, use 
mathematical concepts, construct explanations, engage 
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Table 4. Frequencies and percentages of science and engineering practices in the content of Greek middle-school Physics 


textbooks about forces and motion 


Science and engineering practices f % 

Asking questions (for science) and defining problems (for engineering) 0 0 

Developing and using models 20 32.8 
Planning and carrying out investigations 2 3.3 
Analyzing and interpreting data 2 3.3 
Using mathematics and computational thinking 10 16.4 
Constructing explanations (for science) and designing solutions (for engineering) 17 27.9 
Engaging in argument from evidence 3 4.9 
Obtaining, evaluating, and communicating information 2 3.3 


Table 5. Frequencies and percentages of crosscutting concepts in the content of Greek middle-school Physics textbooks 


about forces and motion 


Crosscutting Concepts f % 
Patterns 0 0 
Cause and Effect: Mechanism and Explanation 22 36 
Scale, Proportion, and Quantity 16 26.2 
Systems and System Models 12 19.7 
Energy and Matter: Flows, Cycles, and Conservation 0 0 
Structure and Function 0 0 
Stability and Change 10 16.4 
in argument or study a text in order to extract RESULTS 
information. As a result, through this activity, the ; ; oe ; 
Data analysis enabled investigation into the 


students do not engage in any of the eight SEPs. It is 
therefore concluded that the specific unit of analysis, in 
accordance with the 3DLAI framework, is described as 
“no” in the integration of practices. Furthermore, none 
of the seven CCCs integrates in this activity. Finally, as 
for the existence of DCIs, the core idea MS-PS2-1, which 
is related to Newton’s third law, integrates in this 
activity. As a result, the specific activity integrates one 
learning dimension. 


Example 2 


A rubber lies stable on your desk. Draw the forces acting 
on the rubber and state by which object each of them comes 
from. Classify them into contact and non contact forces. 
Repeat the same steps while moving the rubber in one direction 
along the page of your notebook in order to erase a sentence. 


Analysis of Example 2 


The above activity integrates the practice that is 
related to the development and use of models (by 
drawing forces represented as vectors). However, no 
other practices integrate in this activity. Two CCCs 
(cause and effect as well as stability and change) 
integrate in this activity. Also, the core idea MS-PS2-2, 
which is related to Newton’s second law, integrates in 
this activity. Hence, the specific activity integrates three 
dimensions of learning. 


After analyzing the 61 units of analysis, the 
frequencies and percentages of SEPs, CCCs and DCIs 
integrating in the content analyzed were identified. It is 
noted that more than one SEP, CCC or DCI might 
integrate in one unit of analysis. 


integration of SEPs, CCCs and DCIs in the content about 
forces and motion of Greek middle-school textbooks. 


Table 4 shows the frequencies and percentages of 
SEPs integrating in the 61 units of analysis. From the 
Table 4 emerged that practices related to developing and 
using models, constructing explanations, and using 
mathematics and computational thinking integrate more 
in the units of analysis, while the integration of the other 
practices is limited. 


Table 5 shows the frequencies and percentages of 
CCCs integrating in the 61 units of analysis. Table 5 
shows that the CCCs referring to cause and effect 
integrates more in the units of analysis, followed by 
CCCs referring to scale, proportion and quantity, 
systems, and system models as well as stability and 
change. The integration of the other CCCs is particularly 
limited. 

Table 6 shows the frequencies and percentages of 
DCls about forces and interactions integrating in the 61 
units of analysis about the conceptual area of forces and 
motion. It follows from Table 6 that DCIs MS-PS2-1 
(Newton’s third law) and MS-PS2-2 (Newton's second 
law) integrate more in the units of analysis. However, 
they only integrate in almost half of the units of analysis. 


Table 7 shows the frequencies and percentages of the 
number of dimensions of science learning integrating in 
the 61 units of analysis about the conceptual area of 
forces and motion. It is concluded by the Table 7 that not 
all three dimensions (SEPs, CCCs and DCIs) appear in 
the majority of the units of analysis (70.5%). All three 
dimensions integrate in only one third of the units of 
analysis. 
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Table 6. Frequencies and percentages of disciplinary core ideas in the content of Greek middle-school Physics textbooks 


about forces and motion 


Disciplinary Core Ideas f % 
MS-PS2-1 14 22.9 
MS-PS2-2 15 24.6 
MS-PS2-3 0 0 
MS-PS2-4 3 4.9 
MS-PS2-5 0 0 


Table 7. Frequencies and percentages of occurrence of dimensions of science learning in the content of Greek middle-school 


Physics textbooks about forces and motion 


Number of Dimensions of Science Learning f % 

No dimensions 14 23.0 
One or two dimensions 29 47.5 
Three dimensions 18 29.5 


DISCUSSION AND CONCLUSIONS 


According to the US National Research Council 
(NRC), “learning is defined as the combination of both 
knowledge and practice” (NRC, 2012, p. 254). More 
specifically, it is considered necessary that science 
education be based on three dimensions of science 
learning (DCIs, SEPs, and CCCs). However, research 
studying the integration of these dimensions in the 
instructional material used in teaching, and especially in 
school textbooks, is particularly limited. The present 
study at first intended to propose an analysis framework 
(regarding the three dimensions of science learning) and 
then, through this framework, to study the integration of 
these three dimensions in the content of Greek middle- 
school Physics textbooks about forces and motion. 


A framework of analysis was proposed for studying 
the integration of SEPs, CCCs and DCIs in the content of 
school textbooks. The proposed 3DLAI framework of 
analysis investigates the integration of each practice, 
each CCC and each core idea in the reports and activities 
of the textbooks. It should be noted that the section of the 
framework referring to DCIs is restricted to the domain 
of forces and motion. For analyzing more domains, this 
section should be configured based on the DCIs reported 
in NGSS (NGSS Lead States, 2013). Despite the above 
restriction, this framework can be used in both the field 
of teaching practice and the field of research. In the field 
of teaching practice, the 3DLAI framework can be used 
by the teachers for analyzing both the instructional 
material they are provided with and the additional 
instructional material (printed or digital) they possibly 
seek and find in other sources in order to complete or 
enrich the material they are provided with. Helped by 
3DLAI, the teacher can find out whether the goals they 
have set regarding SEPs, CCCs and DCIs integrate in the 
instructional material they are to use. Moreover, with the 
use of this framework, teachers can modify the activities 
of the instructional material in order to address any 
weaknesses they possibly have. In the field of research, 
the 3DLAI framework can be used by researchers for 
analyzing the instructional material used in science 
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teaching, but also for producing and analyzing new 
instructional material that will be produced in order to 
find out whether the new instructional material has been 
developed based on the three-dimensional learning 
approach. However, it should be noted that 3DLAI has 
been applied for analyzing only one chapter of Greek 
school textbooks and, as a result, this is a restriction. 
Further research is required in which this framework 
will be used for analyzing more textbooks so that its 
clarity and efficacy can be improved for both researchers 
and teachers. 


Only a limited number of SEPs, and only to a limited 
extent, integrate in the instructional material that was 
analyzed. In particular, it was found that the practice of 
asking questions and defining problems was completely 
absent, while the practices of planning and carrying out 
investigations, analyzing and_ interpreting data, 
obtaining, evaluating, and communicating information 
and engaging in argument from evidence integrated to a 
very minor extent. Consequently, no opportunities to 
use practices are provided to a sufficient extent to the 
students through the instructional material (Greek 
middle-school Physics textbooks about forces and 
motion). However, the integration of students in SEPs is 
important since it can help them understand the process 
for developing scientific knowledge, construct science 
ideas and concepts, attract their curiosity and interest, 
and encourage further research (Duschl et al., 2007). 
Indeed, research data demonstrates that instruction 
based on these practices is significantly beneficial for 
students’ learning (Grooms et al., 2018; McNeill & 
Krajcik, 2007; Windschitl et al., 2008). 


In addition, in the units of analysis that were 
analyzed, the integration of CCCs is limited. In 
particular, it was found that the CCCs related to cause 
and effect engages to a greater extent, followed by the 
concept related to scale, proportion and quantity. The 
above finding relating to the limited integration of CCCs 
in school textbooks is in line with the results of other 
research studies (Fick, 2018). However, when CCCs 
engage in teaching, they can help students understand 
the content (e.g., a specific science idea) and support 


them to understand the cross-discipline nature of the 
crosscutting themes (Rivet et al., 2016). 


As for DClIs, it was found that mainly two of them 
(ideas related to Newton’s second and third laws) 
integrate in only half of the units of analysis. The 
integration of the idea related to gravitational forces is 
particularly limited, while the other DCIs are absent 
from the instructional material that was analyzed. The 
absence of these core ideas can be attributed to the fact 
that the research conducted concerned textbooks of only 
one grade of middle school, while they are included in 
school textbooks of other grades of secondary education. 
However, the results obtained from the textbooks that 
were analyzed demonstrate that their content does not 
put emphasis on DCls about forces and interactions, as 
they have been specified by NGSS. Focusing on a limited 
number of DClIs is necessary rather than superficially 
studying all science ideas (NGSS Lead States, 2013). 
Focusing on a few core ideas allows students to develop 
a deep understanding of important ideas in science 
coherently across school grades and helps them explain 
a wide range of phenomena (NRC, 2012, 2013). 


In addition, the content analysis of the textbooks 
analyzed showed that most activities either integrate one 
or two dimensions of science learning or they do not 
integrate any of them. Only some units of analysis 
(almost 1 of 3) integrate all three dimensions. This 
finding is in agreement with research findings 
demonstrating that the teachers tend to develop or use 
activities integrating only one dimension of science 
learning (Anderson et al., 2018). However, it has been 
emphasized that the learning process should not be 
focused on one isolated dimension, but on explaining the 
phenomena through all three dimensions. “If we want 
students to learn content and apply their knowledge, 
then they must use the SEPs and CCCs with the DCIs 
together. None of the dimensions can be used in 
isolation; they work together so that students can build 
deeper understanding” (Krajcik, 2015, p. 50). Therefore, 
no opportunities are provided to the students through 
the content of school textbooks that were analyzed in the 
present study to engage with reports or activities 
integrating all three dimensions of science learning so 
that they can deeply understand what they are taught. 


The present study investigated the integration of the 
three dimensions of science learning in the content of 
Greek middle-school Physics textbooks about forces and 
motion but did not investigate the implementation of 
these textbooks by the teachers. However, research data 
demonstrates that when the teachers use a textbook, they 
tend to use it as it is or with minor changes (Kang et al., 
2016). As a result, studying school textbooks is 
particularly important and the present research paper 
contributes to this direction. Studying instructional 
material used in teaching and the way it is used is 
important because it can contribute to both designing 
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future instructional material and training teachers 
(Kaldaras et al., 2020). 


The present study focused on investigating the SEPs, 
CCCs and DClIs integrating in only one chapter of 
middle-school Physics textbooks. However, the analysis 
of all the chapters of school science textbooks of both 
primary and secondary education that are used by the 
Greek educational system would provide us with a more 
comprehensive picture of the SEPs, CCCs and DCIs in 
which the students engage. Moreover, it would be of 
great research interest to analyze other countries’ school 
science textbooks about forces and motion with regard 
to the integration of the three dimensions of science 
learning in them and compare the results. It should be 
stressed that the present study focused only on 
analyzing the content of school textbooks rather than on 
their implementation within the school framework by 
the teachers. It is therefore proposed that the teaching 
process be analyzed so that it can be investigated 
whether the teachers provide the students with 
opportunities to engage in activities integrating all three 
dimensions of science learning. Finally, further research 
is required for developing instructional material with 
activities integrating three dimensions of science 
learning and for studying the impact of its 
implementation on students’ learning outcomes. 
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